C
erebral autoregulation refers to a homeostatic process whereby, in healthy adult patients, cerebral blood flow (CBF) remains constant between a mean arterial blood pressure (MAP) of 60 mm Hg and 160 mm Hg or between a cerebral perfusion pressure (CPP; MAP Ϫ intracranial pressure [ICP] ) of 50 mm Hg and 150 mm Hg (1) . In adults, there is evidence that autoregulation of CBF is impaired following traumatic brain injury (TBI) (2, 3) . However, there is a paucity of information regarding the effect of TBI on cerebral autoregulation in children.
There are two published studies addressing cerebral autoregulation in children following TBI. Both investigations examined autoregulatory capacity in severe pediatric TBI. In 1989, Muizelaar et al. (4) examined cerebral autoregulation in 26 children with severe TBI using repeated xenon 133 washouts. Changes in CBF in response to an increase in MAP with intravenous phenylephrine and a decrease in MAP using intravenous trimethaphan camsylate were measured. Cerebral autoregulation was defined as intact if %⌬CPP/%⌬CVR (cerebrovascular resistance) was Յ2. Autoregulatory capacity was found to be impaired in 15 of 37 (41%) of the measurements (4) . However, unlike phenylephrine, trimethaphan has direct cerebral vasoconstrictive effects, a property that may make accurate determination of CBF and autoregulatory capacity unreliable (5) . Six years later, Sharples et al. (6) published a study describing cerebral autoregulation in 17 children with ICP monitoring. These investigators used a modification of the Kety-Schmidt wash-in technique with 10% nitrous oxide as the tracer and jugular venous cannulation to calculate CBF and arteriovenous oxygen content difference. One hundred and twenty-two measurements of CVR were serially performed. CVR was calculated from CBF and CPP data according to the formula CVR ϭ CPP/CBF, where CPP is calculated as MAP Ϫ ICP. CPP and CVR were correlated to describe cerebral autoregulation. The authors reported good correlation between CPP and CVR in subjects with good or moderate neurologic outcomes but no CPP and CVR correlation in subjects with poor outcome, suggesting impaired autoregulation in children with TBI and poor outcome. However, autoregulatory capacity was not quantified, and no information regarding the definition of intact vs. impaired autoregulation was provided (6) . Although both Sharples et al. (6) and Muizelaar et al. (4) examined the relationship between autoregulatory capacity and outcome, results of the association are mixed. Furthermore, neither study provided direct estimates of the incidence (percent of patients with impaired cerebral autoregulation) of impaired autoregulatory capacity following severe TBI.
The present study attempts to provide more information on the subject of cerebral autoregulation in pediatric TBI. The purpose of the present study is three-fold: a) to confirm earlier findings of impaired autoregulatory capacity using transcranial Doppler (TCD) ultrasonography in children with severe TBI; b) to document the incidence of impaired autoregulation in relation to the severity of TBI as defined by the Glasgow Coma Scale (GCS) score; and c) to describe the relationship between impaired cerebral autoregulation and outcome as defined by the Glasgow Outcome Scale (GOS) score.
MATERIALS AND METHODS
After institutional review board approval, written informed consent for participation in this study was obtained from parents of pediatric subjects. As invasive arterial pressure monitoring is required for cerebral autoregulation testing, only children with TBI requiring general anesthesia for extracranial surgery were enrolled over a period of 9 months. Perioperative monitoring of cerebral autoregulation was deemed beneficial by the attending anesthesiologist in the management of these children.
Experimental Protocol. General anesthesia was administered using a standardized premedication, induction, and maintenance regimen. In nonintubated patients, general anesthesia was induced with intravenous propofol 2 mg/kg and vecuronium 0.1 mg/kg. After tracheal intubation, anesthesia was maintained using low-dose sevoflurane (0.5-1.8%; Ͻ1 minimum alveolar concentration agerelated end-tidal concentration) in 50% oxygen/50% air.
Invasive blood pressure with indwelling arterial catheters was used in all subjects. Blood pressure was recorded with the transducer at the level of the external auditory meatus (approximating the level of the circle of Willis). PaCO 2 was measured from blood gas sampled during autoregulation testing to confirm endtidal carbon dioxide. End-tidal carbon dioxide was monitored using a capnograph and maintained constant during testing. End-tidal sevoflurane concentration was maintained constant for a minimum of 15 mins before cerebral autoregulation testing began. Testing was conducted during steady-state surgical stimulation, as evidenced by unchanged mean middle cerebral artery flow velocities (Vmca) for Ն10 mins.
Determination of Middle Cerebral Artery Blood Flow Velocity and Definition of Absolute Hyperemia. All subjects were supine. In each participant, the middle cerebral arteries were insonated by TCD (Multidop X; DWL, Sipplingen, Germany) using standard protocols (7) . Using a customized frame, the transducers were secured in place to ensure a constant angle of insonation (8) . Bilateral Vmcas were averaged for analysis. For purposes of this study, absolute hyperemia was defined as Vmca Ͼ2 SD of the mean appropriate for age during similar anesthetic conditions (9) .
Determination of Static Cerebral Autoregulation. During steady-state anesthesia, intravenous phenylephrine was titrated using a slow infusion (0.05-0.1 g·kg Ϫ1 ·min Ϫ1 ) over a 3-to 5-min period. Mean arterial pressure was increased according to whichever following variable was greater: a) 20% above baseline; or b) a set value of 80 mm Hg for the Ͻ9-yr age group and 90 mm Hg for the 9-to 14-yr age group. MAP and Vmca were simultaneously and continuously measured and recorded in the computer for subsequent off-line analysis.
Autoregulatory capacity was quantified with the Autoregulatory Index (ARI), which was calculated according to a previously published and commonly used formula (7) . Mathematically, the ARI is the percent change in estimated cerebrovascular resistance (eCVR) per percent change in MAP (used when ICP was not measured) or CPP (used when ICP was measured
The eCVR is the ratio of MAP to Vmca. Thus, an ARI of 0 represents absent autoregulation (pressure-dependent Vmca), whereas an ARI of 1.0 represents perfect autoregulation. To dichotomize the results for statistical analysis and in accordance with the previous definition of intact cerebral autoregulation, autoregulatory capacity was considered intact if the ARI was Ն0.4 (7).
In patients with ICP monitors, CPP was calculated as follows and used to calculate ARI:
Definition of TBI, Determination of GCS Score, and Definition of GOS Score. For the purposes of this study, TBI was diagnosed if, before surgery, there was abnormal computed tomography (CT) of the head, history of loss of consciousness (level of consciousness), or abnormal mental status attributed to brain injury by the treating physician. The highest GCS score recorded in the medical record during the 24-hr period before surgery was used in the final analysis.
Outcome was evaluated using the GOS at the time of hospital discharge: GOS 1, death; GOS 2, vegetative state; GOS 3, alive but functionally impaired; GOS 4, minimal dysfunction; GOS 5, premorbid level of functioning. Poor outcome was defined as a GOS Ͻ4 and good outcome was defined as a GOS of 4 or 5 (10) .
Statistical Analysis. To assess the influence of severity of TBI on autoregulatory capacity, patients were divided into three groups before cerebral autoregulation testing: group 1, GCS Ͻ9; group 2, GCS 9 -12; and group 3, GCS 13-15. To determine the relationship between autoregulatory capacity and outcome, patients were divided into two groups: GOS Ͻ4 and GOS Ն4. In addition, each patient's ARI values and baseline Vmca were compared with previously published age-related ARI and Vmca values (at age appropriate blood pressure) for children without neurologic disease having surgery under similar anesthetic conditions (9) . When baseline Vmca was Ͼ2 SD of the mean for the age group, absolute hyperemia was diagnosed. Fisher's exact test, Student's t-test, and analysis of variance were used as appropriate. Statistical significance was set at p Ͻ .05. All values are presented as mean Ϯ SD.
Sample Size and Power Analysis. As the normal mean ARI in children without neurologic disease during similar anesthetic conditions is 0.75-1.0 (9), and a value of Ն0.4 is generally consistent with preserved cerebral autoregulation (11), a small difference in ARI would be clinically meaningless. Consequently, we considered a 30% difference in mean ARI to be significant. Assuming p Ͻ .05, ␣ ϭ .05, and ␤ ϭ .8, power analysis indicated that we needed 12 subjects in each group for a total of 36 subjects.
RESULTS
Demographics. Thirty-six children (26 males and ten females aged 4 months to 14 yrs) with TBI were enrolled in the study. There were 12 subjects in each group: GCS Ͻ9 (group 1), GCS 9 -12 (group 2), and GCS 10 -13 (group 3). There was no difference in age between the groups (Table 1 ). All patients had a head CT on hospital admission. Mechanisms of injury included motor vehicle crash (57%), fall (27%), car vs. pedestrian (6%), and other (10%).
Only one child had inflicted TBI. All children with moderate (n ϭ 12) to severe (n ϭ 12) TBI had diffuse brain injury by head CT: diffuse axonal injury (n ϭ 16), cerebral edema (n ϭ 13). There were three cases of focal brain injuries superimposed on diffuse TBI: two subdural hematomas and one epidural hematoma. Of the 12 children with mild TBI, eight had loss of consciousness at the scene and symptoms of concussion but no CT evidence of brain injury; the remaining four children had contusions (n ϭ 1), epidural hematoma (n ϭ 1), subdural hematoma (n ϭ 1), and skull fractures (n ϭ 1). The mean overall Injury Severity Score was 25 Ϯ 20. Injury Severity Scores were 1 Ϯ 3 (GCS 13-15), 9 Ϯ 5, (GCS 9 -12), and 30 Ϯ 12 (GCS Ͻ9) for mild, moderate, and severe TBI, respectively. The type of injuries that warranted surgical intervention included femur fractures (n ϭ 15), lower extremity lacerations (n ϭ 2), pelvic fractures (n ϭ 3), humerus fractures (n ϭ 2), hollow viscus injuries (n ϭ 8), suspected abdominal injury (n ϭ 3), and orbital fractures (n ϭ 3). All patients with moderate to severe TBI received sedation and analgesia with intravenous infusions of lorazepam and morphine during transport to the operating room compared with children with mild TBI, who received intravenous morphine via either patient-controlled analgesia, intermittent blouses, or continuous infusions.
Bilateral TCD measurements were obtained in all children. The mean GCS of all 36 patients was 11 Ϯ 4 and the mean PaCO 2 was 35.6 Ϯ 2.2 mm Hg. On average, cerebral autoregulation testing was performed on postinjury day 9.6 Ϯ 16 (range, 0 -36; Fig. 1 ). Children with severe TBI had surgery later after initial insult compared with children with moderate or mild TBI (severe 9.4 Ϯ 13.0 vs. moderate 5.4 Ϯ 5.6 vs. mild 3.5 Ϯ 3.7, p ϭ .04; Table 1 ). The average duration of surgery was 2.4 hrs. Preoperative hematocrit was available in all children (30 Ϯ 4%). All patients maintained normal temperature (35.5-37.1°C) during testing. Eleven (29%) of 36 children had indwelling ICP monitors during cerebral autoregulation testing. One child, 2 yrs of age, died on hospital day 2. All 12 of the children with severe TBI and seven of 12 of the children with moderate TBI arrived to the operating room with tracheal tube in situ and receiving mechanical ventilation.
Cerebral Autoregulation. Overall ARI of all 36 subjects was 0.61 Ϯ 0.37 (range, 0 -1). The mean ARI for groups 1, 2, and 3 was 0.47 Ϯ 0.41, 0.52 Ϯ 0.42, and 0.68 Ϯ 0.38, respectively (range, 0 -1). There was no significant difference in ARI between the groups (p ϭ .72; Table 1 ) or in ARI between hemispheres in the four patients with mild focal TBI (ARI 0.66 Ϯ 0.3 vs. 0.69 Ϯ 0.4).
Autoregulation was impaired in 12 of 36 (33%) children. The mean ARI was 0.26 Ϯ 0.13 (range, 0 -0.26). There was a trend toward increased risk of impaired cerebral autoregulation in children with moderate (42%; five of 12) to severe (42%; five of 12) TBI compared with children with mild (17%; two of 12) injury, but the difference in incidence between these groups was not statistically significant (p ϭ .18). There was no difference in either age (p ϭ .21) or GCS (p ϭ .16) between the impaired and intact groups. None of the eight children who underwent cerebral autoregulation testing beyond postinjury day 8 had impaired autoregulatory capacity. Four of the 12 patients with impaired autoregulatory capacity had an ARI of 0.
Seven of 36 (20%) patients had absolute hyperemia (9, 12) . Six of the seven patients with hyperemia had impaired cerebral autoregulation (ARI, 0.11 Ϯ 0.17; range, 0 -0.39; GOS, 2.3 Ϯ 1.2). Among patients without hyperemia and intact cerebral autoregulation, Vmca was significantly lower than normal for age/anesthetic conditions in all four age groups (10, p Ͻ .01, Fig. 2 ). Six (50%) of the 12 children with TBI and impaired cerebral autoregulation had hyperemia compared with one of 24 (4%) children with TBI and intact cerebral autoregulation (p Ͻ .01; positive predictive value, 0.86; 95% confidence interval, 0.46 -0.99). The one child with hyperemia and intact cerebral autoregulation was a 2-yr-old suffering from nonaccidental trauma-related TBI with an ARI of 0.5.
The overall discharge GOS score was 3.1 Ϯ 0.9 (range, 0 -5); 13 children had a good outcome (GOS Ն4) and 23 children had a poor outcome (GOS Ͻ4). Ten of 12 (83%) children with mild TBI had a good outcome compared with three of 12 (36%) children with moderate or zero of 12 (0%) children with severe TBI (group 3 GOS 3.9 Ϯ 0.6 vs. group 2 GOS 3.0 Ϯ 0.41 vs. group 1 GOS 2.2 Ϯ 0.4; p Ͻ .001). Ten of the 24 (42%) children with intact cerebral autoregulation had a good outcome compared with only one of 12 (8%) children with impaired cerebral autoregulation (p ϭ .04, Table 2 ). Although there was no difference in GOS between children with intact vs. impaired cerebral autoregulation (2.7 Ϯ 0.6 vs. 3.2 Ϯ 0.9, p ϭ .24), children with a good outcome tended to have higher ARI values compared with children with a poor outcome (0.78 Ϯ 0.32 vs. 0.52 Ϯ 0.37, p ϭ .07). Three of the four patients with an ARI of 0 had a poor outcome. The one patient in this study who died had an ARI of 0 (tested postinjury day 2). Outcome in children with TBI and hyperemia was poor compared with children with TBI and no hyperemia (GOS 2.5 Ϯ 1.2 vs. GOS 3.9 Ϯ 0.9, p ϭ .01; positive predictive value, 0.92; 95% confidence interval, 0.66 -0.99). The one patient with hyperemia and intact cerebral autoregulation (ARI 0.5) also had a poor outcome. 
DISCUSSION
The main findings in this study are that a) cerebral autoregulation may be impaired following mild, moderate, and severe pediatric TBI; b) hyperemia was associated with impaired cerebral autoregulation; and c) impaired cerebral autoregulation was associated with poor outcome. To the best of our knowledge, this is the first examination of cerebral autoregulation in children with varying severity of TBI using a bedside, noninvasive technology (TCD).
In adults, impaired cerebral autoregulation has been described following mild and severe TBI (2,3). Using dynamic autoregulation testing methodology, which measures the rate of return of Vmca to baseline following a transient decrease in MAP, Junger et al. (6) correlated impaired cerebral autoregulation with severity of TBI, the lack of direct cerebral autoregulation testing and the absence of definition of intact vs. impaired autoregulation make estimating the incidence of impaired autoregulation problematic. In this regard, the present study, which evaluated autoregulatory capacity using TCD, provides the first true estimates of the incidence of impaired autoregulation with varying degrees of TBI. Our data indicate that, similar to adults, children with more severe TBI have a higher incidence of impaired cerebral autoregulation.
Given our present findings, the clinical implications of impaired autoregulation merit discussion. Impaired cerebral autoregulation means that CBF is dependent on MAP or CPP. Therefore, even small decreases in CPP at a time when cerebral autoregulation is impaired may ARI Ն0.4 and ARI Ͻ0.4 refer to intact and impaired cerebral autoregulation respectively. There was no relationship between impaired autoregulation and age or GCS. Impaired autoregulation was associated with hyperemia and poor outcome. theoretically increase the risk of cerebral ischemia. If hypotension occurs in the course of blood pressure fluctuations during surgery, these patients may be at risk of secondary neurologic injury. Conversely, small increases in blood pressure may result in hyperemia and increase the risk of intracranial hemorrhage. Consequently, maintaining "tight control" of MAP or CPP during general anesthesia and in the intensive care unit may be even more important in children with impaired cerebral autoregulation (13).
The relationship between autoregulatory capacity and outcome following TBI is intriguing, multifactorial, and potentially complex. Loss of autoregulation with poor outcome may reflect the severity of TBI in patients with impaired autoregulation. On the other hand, impaired cerebral autoregulation may affect outcome. Not surprisingly, published reports of the relationship between autoregulatory status and ultimate outcome are mixed (3, 4, 6, 14 -16) . In the present study, we did not find a significant difference in mean GOS score between children with impaired vs. intact cerebral autoregulation. However, children with impaired cerebral autoregulation had a greater proportion of poor discharge outcomes compared with children with intact cerebral autoregulation. This is consistent with results reported by Lam et al. (14) in adults, where all five patients with intact autoregulation had good outcome, whereas the 11 patients with permanent loss of autoregulation either died or were severely disabled. Given the potential variability of autoregulatory capacity with time, it is conceivable that a simple relationship between autoregulatory capacity and outcome does not exist. This is a potential confounder. For example, Czosnyka et al. (15, 16) reported disturbed autoregulation during the first 2 days in patients who died following TBI. Outcome was much more variable in those with transient loss of autoregulation; 40% of these patients had a good outcome and 60% had a poor outcome. The factors that contributed to poor outcome in those with transient loss of autoregulatory capacity were not clearly identified. The sample size in the present preliminary study is too small to account for all confounders. However, it is possible that hypotension in patients with impaired autoregulation is one of those factors. We speculate that autoregulatory status may be an important outcome modifier following TBI if hemodynamic instability exists. Since we tested autoregulation only once in each patient, we were unable to identify which patients had transient vs. permanent impairment of autoregulation. However, despite the observation in this series that the ARI was always preserved when tested beyond postinjury day 8, there was no significant difference in the elapsed time before testing between patients with intact vs. impaired cerebral autoregulation. The majority of the patients had autoregulation testing done during the first 5 days following TBI, as this represents the window when the patients were considered stable for surgery.
Hyperemia has been reported to be a distinguishing feature of pediatric TBI (17, 18) , but this conventional wisdom has recently been challenged (19, 20) . It is unclear, in studies reporting hyperemia, whether reported CBF values were compared with age-matched controls or adult CBF values. If adult CBF values were used, then children with ageappropriate but higher Vmca values, compared with adults, would be falsely diagnosed with hyperemia. Furthermore, radiographic studies have found no correlation between CBV and CBF or between CBV and brain swelling using xenon-enhanced CT (19). Bouma et al. (19) argued that although increased CBV may contribute to increased ICP, brain swelling is not caused by increased CBV alone. Sharples et al. (6) did not comment on the incidence of hyperemia in their subjects, and it is unclear whether Muizelaar et al. (4, 17) compared CBF values in children to normal values for adults, raising doubts about estimates of the incidence of hyperemia in pediatric TBI. In the present study, Ͻ25% of children with TBI had absolute hyperemia (9, 12) . Compared with age-matched historical controls during similar anesthetic conditions, Vmca was decreased for age in children with intact autoregulatory capacity (9) . This pattern is consistent with adult data and probably reflects decreased cerebral metabolic rate following TBI (4). Finally, similar to Sharples et al. (6), we present Vmca data uncorrected for PaCO 2 . Although this theoretically underestimates the incidence of absolute hyperemia, we found no difference in the incidence of hyperemia when we corrected Vmca to PaCO 2 37.1 (mean end-tidal carbon dioxide in historical controls during similar anesthetic conditions) assuming an overall change of 3% in CBF for every mm Hg change in PaCO 2 . The difference in Vmca between the current subjects with intact cerebral autoregulation and historical controls (9) remained significant for all age groups. Since it is unclear how CO 2 reactivity is altered in pediatric TBI, thereby making any empirical adjustment of Vmca for PaCO 2 unreliable, we report our Vmca data uncorrected for PaCO 2 (35.6 Ϯ 2.2 mm Hg).
In the present study, we found an association between hyperemia and impaired cerebral autoregulation. A similar loss of autoregulation was reported by McCulloch et al. (21) in adults. This finding is not surprising since hyperemia suggests a decrease in basal vascular tone and, hence, an inability to respond to a change in blood pressure. Alternatively, in patients with impaired cerebral autoregulation, Vmca will vary directly with blood pressure and hyperemia will occur with hypertension. This association between hyperemia and impaired autoregulatory capacity may have management and prognostic implications for the subset of children with hyperemia following TBI.
There are some limitations to our study. Foremost, the use of TCD ultrasonography to estimate CBF merits discussion. TCD ultrasonography measures Vmca and not CBF in the vessel examined. Hence, TCD ultrasonography is not the gold standard for measuring CBF. However, TCD ultrasonography is considered to be an appropriate surrogate for studying CBF since changes in flow velocity are proportional to changes in flow (22) . This is premised on the fact that the diameter of the conductance vessel stays constant, and this has been shown to be the case with cerebral vasoconstriction and vasodilation (23) . Vasospasm is the only pathologic condition that primarily affects the diameter of the middle cerebral artery (conductance vessel). However, vasospasm does not occur unless the patient has suffered subarachnoid hemorrhage, and in adults it has been reported to occur in 20% of patients with traumatic subarachnoid hemorrhage (24) . There are few studies describing the incidence of vasospasm in children with head injuries. Although there is no standard definition for hyperemia in children, normal Vmca values are known and hyperemia appears to be more common in children with TBI than vasospasm. In a recent study of 27 children with head injuries, including seven with subarachnoid hemorrhage, Mandera et al. (25) reported that all high flow velocities were due to hyperemia and not vasospasm.
Only four children in the present study, and none in the impaired group, had subarachnoid hemorrhage, making it highly unlikely that the seven patients with increased Vmcas in the present study were due to vasospasm and not hyperemia. Although theoretically, compression of middle cerebral artery can occur with very high ICP, leading to an increase in flow velocity while flow actually decreases (as in vasospasm), in reality this does not occur. As ICP increases, vascular resistance increases primarily because of compression of the distal resistance vessels. The progression and change in flow velocity pattern with increasing ICP have been well characterized (26) . Increased ICP results in an initial decrease in diastolic flow velocity followed by an oscillating flow pattern (intracranial circulatory arrest) and eventually disappearance of TCD signal. This pattern was not observed in any of our patients; thus, neither vasospasm nor increased ICP was a confounding factor in this study.
Although both the Kety-Schmidt and CT-xenon 133 techniques directly measure CBF, they are invasive and cannot be performed at the bedside. Although TCD is not a direct method and indirectly measures only global CBF, its relatively noninvasive nature makes it suitable as a bedside measurement and perhaps makes it a more clinically applicable test. Finally, interoperator variability is low with TCD when the operators are experienced in use of the technology (27, 28) . In this study, all TCD measurements were performed by the same investigator, who was experienced in the use of TCD.
As we only examined children when they presented for surgery, we could not control for the time of testing. Although it would be ideal to repeatedly test these children in the intensive care unit immediately following injury, this poses logistical difficulties and would necessitate invasive arterial pressure monitoring for a long period of time. Understanding the time course of change in autoregulation may be important because the period during transient loss of autoregulation may represent a critical stage following initial neurologic insult where a subset of patients may be at risk of secondary TBI. However, it was not the purpose of our study to describe the time course of return of autoregulation in individual children. The trend in our data, however, suggests that autoregulatory capacity changes over time and, in some cases, may return to normal soon after TBI (14) . Similarly, our hypothesis that Vmca may be decreased for some time after initial injury is based on cross-sectional data as patients were not serially tested. Although logistically difficult, a future study using serial testing of autoregulatory capacity is warranted. Although it may be ideal to test cerebral autoregulation without the influence of a general anesthetic to exclude a sevoflurane effect on Vmca, the dose of sevoflurane used in the present study has been shown to have little effect on Vmca or cerebral autoregulation (29 -33) . ICP is not reported in this study because only 11 of 36 children had indwelling ICP monitors, and only one of 11 patients had ICP measurements Ͼ20 mm Hg (22 mm Hg) during autoregulation testing. In other patients, ICP monitoring either was not indicated (mild to moderate head injury) or was removed before presenting for surgery because intracranial hypertension had resolved.
Finally, outcome was examined only at hospital discharge and not thereafter. Although it would have been ideal to use GOS at 6 months or 1 yr and outcome tools describing functions of daily living or school performance, we used the GOS score in this study because, as an outcome measure, it may more closely reflect the proximate effects of the physiologic testing of cerebral autoregulation. Although we cannot compare the relative importance of loss of cerebral autoregulation and poor outcome to other clinical predictors, because of small sample size, this report provides important physiologic observations about the association between impaired cerebral autoregulation and poor outcome. In future studies using serial testing of cerebral autoregulation, follow-up GOS at 1 yr would be more appropriate (34) .
CONCLUSIONS
Children with TBI have impaired cerebral autoregulation, and this impairment occurs in moderate to severe as well as mild injury. Impaired autoregulatory capacity may be associated with poor discharge outcome. Although not as common as previously thought, hyperemia appears to be associated with impaired cerebral autoregulation and poor outcome. These findings may have implications for clinicians managing children with TBI. Further studies characterizing cerebral autoregulation in pediatric TBI are needed to understand the role of autoregulatory capacity in determining outcome. 
